The quantitative knowledge of hydrological parameters (rainfall and flow) and their spatial and temporal variability on the regions or basins should be understood as essential to the efficient planning and management of water resources. Because the Ivinhema Basin, located in the state of Mato Grosso do Sul, Brazil, represents an important inductor on the region agricultural development, characterized as a major producer of grains and meat, it was used to characterize the hydrological study. Knowing the rainfall, flow and drainage area of each of the studied affluent, it was calculated the proportion of contribution of the affluent. To that end, it was proposed the concepts of potential and real contributions, aiming to identify the proportion of contribution of each of the affluent to the formation of the flow in the Ivinhema Basin. The results revealed that: the highest rainfall in the Ivinhema Basin occurred in the headwater regions; the mean specific flow of long duration reduces from the headwater to the mouth of Ivinhema Basin; the Sub-basin of Dorado's River has the highest potential and real contribution for the formation of the Ivinhema Basin flow; and the drainage areas of the affluent Dourados and Vacaria contribute with 53% flow of the basin.
INTRODUCTION
The hydrographic basin may be defined as a physiographic unit bounded by topographic divides that limit the areas of land drained by a main river, its affluent and sub-affluent (QUEIROZ et al., 2009) .
Water is an irreplaceable asset to the safeguarding of life, and its movement on Earth occurs through rainfall, which is responsible for transporting water from the atmosphere to the surface. The quantitative knowledge of spatial variability on the regions or hydrographic basins should be understood as essential to the efficient planning and management of water resources (SALGUEIRO & MONTENEGRO, 2008) .
Population growth and socioeconomic development are often accompanied by increases in demand for water, whose quantity and quality are essential to health and development of any community (BUENO et al., 2005) . However, this high demand has caused qualitative and quantitative shortages of water, generating serious conflicts of use.
The minimization of conflicts over water use in this basin requires the adoption of an appropriate program of water resource management. In this sense, knowledge of water availability is the basic information for decision making in this process, and the limited series of available fluviometric data and the need to know the flow, along the river system, make it difficult or often prevent creation of a proper water management. In order to overcome this difficulty, it was used the technique of regionalization of flows to transfer spatial information (MOREIRA, 2006) .
To practice proper management of water resources, it is necessary to have databases and appropriate methodologies to quantify these features. The management process should consist of a policy to set up general guidelines for a management model that establishes the administrative and functional organization and a management system consisting of all the governmental and private agencies and facilities for the implementation of the policy (FREITAS, 2000) .
The sustainable management of water resources requires the regulation of the use of water through the knowledge of the water supply of the basin and its balance facing the demands of use and environmental conservation. Considering the temporal and spatial variation of river flows, along with the demand, the appropriate estimate of water availability is essential for the effective deployment of management tools (CRUZ & TUCCI, 2008) .
The importance of water management is directly linked with the issue of environmental sustainability, as a development function of the various policies, economic and social components acting within the basin, and the sensitivity of these components with the theme of integrated management of water resources (SÁNCHEZ-ROMÁN et al., 2009 ).
The Ivinhema Basin is located in south-central state of Mato Grosso do Sul, Brazil; it is formed by the junction of the Vacaria River, on the left margin, and the Dourados River, on the right margin, and occupies an area of approximately 46,500 km 2 . The Ivinhema Basin is of great importance to agricultural development and, with the growth of irrigated agriculture, the knowledge of the hydrological characteristics of this basin becomes of great importance for the utilization of its waters to be optimized, with less environmental impact.
Because the Ivinhema Basin represent an important inducer of agricultural development in the region, the knowledge of its hydrological behavior is extremely important to support the decision making in water resources management, as it will show the availability of this resource, consisting therefore, an important benefit to the management of water resources. Based on this approach, this study aimed to analyze water availability, pertaining to the data of annual mean rainfall, annual mean flow and outflow coefficient, characterizing the potential and actual contributions, in order to identify the proportion of contribution of each of the affluent to the flow formation of Ivinhema Basin.
MATERIAL AND METHODS
The study analyzed data from 95 fluviometric stations, being 21 stations in and 74 stations around the Ivinhema Basin, of which 94 belong to the hydro-meteorological network of the National Water Agency (ANA) and one belong to the Federal University of Grande Dourados (UFGD)/Embrapa. Due to lack of data prior to 2003 season for the Federal University of Grande Dourados (UFGD), it was used data from the meteorological station of Embrapa (CPAO) for the period before 2003. For the common period of these two stations, it was used the arithmetic mean. Figure 1 shows the map with the location of fluviometric stations used to analyze the behavior of the rainfall, both within and outside the Ivinhema Basin. And Figure 2 shows the Ivinhema Basin and its municipal boundaries. These maps were generated using software of Geographic Information System ArcGIS 9.3.1. The criterion for the selection of stations was the existence of at least 10 years of data. After selected the stations, it was proceeded to the preliminary analysis for the identification of the baseperiod (common period of observations) to be used in the study. It was chose to select the baseperiod from 1976 to 2006, corresponding to a series of 31 years.
Often measurements are flawed, as the lack of data or gross errors due to problems in the unit or the lack of the station operator. However, it is necessary to work with uninterrupted series, which requires data to be subjected to preliminary analysis prior to use. The first step to prepare the data for statistical treatment is to identify and correct these errors. The main methods to fill regional gaps are regional weighting, linear regression and regional weighting based on linear regressions.
The method chosen to perform the failure filling of rainfall data was the regional weighting method, which consists to establish linear regressions between the post with data to be filled and each of the neighboring stations. From each of the linear regression performed, it was obtained correlation coefficient, and the filling was made using the following equation:
in which: P -rainfall; N -annual normal rainfall; X -index for the station that fails, and A, B, C -indexes referring to support stations.
To calculate the spatial distribution of annual and monthly mean rainfall of Ivinhema Basin, it was used the method of isohyets, according to the methodology described by TUCCI (2004) and the Geographic Information System (GIS) Arcgis 9.3.1 for spatial rainfall.
To calculate the mean rainfall in the drainage area of Ivinhema Basin, it was used the Thiessen Polygon method, according to EUCLYDES & FERREIRA (2002) . This method considers the non-uniformity of spatial distribution of posts, but does not take into account the topography of the basin. The method gives good results in slightly injured lands, when the location and exposure of rain gauges are similar and the distances between them are not too large (TUCCI, 2004) . The calculation was performed by a weighted mean between the rainfall of each station and the weight assigned to it, which is the area of influence of rainfall in every season.
It was used nine fluviometric stations, belonging to hydro-meteorological network of the National Water Agency (ANA), to analyze the flow. In Table 1 , fluviometric stations are shown with their identification codes of the ANA, the river where they are located, the geographic coordinates and the drainage area. The drainage areas were obtained by means of a digital elevation model generated in the GIS, so they are not obtained by fluviometric inventory of ANA. After the analysis of hydrological data, to those missing or inconsistent considered data, failures were attributed to later filling. The gap filling for the mean flow data was performed by means of correlations, according to criteria established for selecting bases for regressions.
To carry out the filling to flow data, it was adopted, as criterion, the obtainment of correlation coefficient greater than 0.85 and the existence of, at least, ten pairs of events between the stations to perform regression.
At the stations in the affluent of the main river of Ivinhema Basin, the regionalization of the mean flows was held from the method of drainage area ratio, in order to estimate the flow in outflow sections of the sub-basins in the main river of Ivinhema Basin. For this, it was used the following equation: The potential contribution is defined by the relation between the volume precipitated in the drainage area of each affluent and the volume precipitated in the drainage area of the basin. In other words, the contribution of the present affluent to the formation of the main river flow if all rainfall were converted to runoff, calculated with the following equation: 
In which: C p -potential contribution, %; V pafluente -volume precipitated in the drainage area of studied affluent, m 3 , and V pbasin -volume precipitated in the drainage area of basin, m 3 .
The real contribution is defined by the ratio of annual mean volume drained on the drainage area of the affluent into the main river of the interest basin and the annual mean volume drained at its mouth, which was representative of the contribution that each affluent presents to the formation of the flow of main river, reflecting, in this case, to the losses incurred by evapotranspiration and consumptive uses in the basin. The following equation was used: 
In which: C r -real contribution, %; V eafluent -mean volume drained on the drainage area of the affluent into the main river, m 3 , and V ebasin -mean volume drained at the mouth of the main river, m 3 .
For the representation of the drainage area of the Ivinhema Basin, it was used the Ivinhema station, with a drainage area of 31,910 km 2 , representing approximately 70% of the total drainage area of the basin.
The runoff coefficient is characterized by the ratio of the volume that flows through the section considered and the total rainfall volume, whose growth is directly related to the fact that with the increase in total rainfall, the lower portion of this will be converted into evapotranspiration, resulting in a greater proportion of rainfall converted to runoff into the river. The equation used for this determination was:
In which:
C -runoff coefficient, dimensionless; V te -runoff volume in the drainage area, m 3 , and V tp -total rainfall volume, m 3 . Figure 3 presents, for the Ivinhema Basin, the distribution of annual mean rainfall, in the period from 1976 to 2006. It is observed that the rainfall in the headwaters region, between the boundaries of Brilhante and Dourados Sub-basins, shows values greater than 1,700 mm, decreasing toward the mouth, where there is value around 1,000 mm. Figure 4 shows the annual mean rainfall in the drainage areas of the main affluents of the main river of Ivinhema Basin and the mean rainfall in the basin, represented by the fluviometric station of Ivinhema, with drainage area of 31,910 km 2 , which represents about 70% of the total area of the basin under study. It was may notice that the Vacaria sub-basin has mean rainfall less than shown on the Ivinhema station. The Dourados Sub-Basin, however, showed a mean rainfall higher than Ivinhema Basin. It appears also that the mean rainfall in the drainage area of Brilhante River, upstream of the confluence with Dourados River was lower than mean rainfall in the drainage area of Dourados River. This analysis affects the proportion of the potential contribution of affluents to the main river of the basin. In the analysis of the potential contribution of each affluent ( Figure 5 ), it appears that Dourados Sub-basin, which represents 28.9% of the drainage area of Ivinhema Basin in relation to the point of the study (Ivinhema station), has the highest potential contribution (31%), and the rainfall in this sub-basin is 6.5% higher than the one from the basin (Figure 4) . In Vacaria Subbasin, which has the second largest contribution (19%), it was observed that its drainage area represents 20.6% of the area of Ivinhema Basin, in relation to Ivinhema station, and an mean rainfall of 6.8% lower than the basin. Analyzing the potential contribution of the Brilhante River, the upstream of the confluence with Dourados River, despite the larger drainage area (approximately 18% greater or a drainage area of 1,690 km 2 more than the Dourados River), the proportion of potential contribution was only 4% higher. However, rainfall variations of these drainage areas showed a difference of 4.3%. Figure 6 shows the long-term mean specific flow rates in the major affluent of Ivinhema Basin (Dourados and Vacaria Rivers) and the main river itself. The specific flow rate was observed in most Dourados Sub-Basin, which can be partially explained by the fact that they are the highest rainfalls in the headwaters region of this sub-basin, reaching 1,777 mm per year. The specific flow rate in Dourados Sub-basin was 18.5% higher when compared to that evidenced in Ivinhema Basin, represented by Ivinhema station.
RESULTS AND DISCUSSION
The Vacaria Sub-basin showed specific flow rate lower than the mean specific flow rate shown in Ivinhema Basin, which is the sub-basin with mean rainfall in its drainage area below than the mean found in the basin. Analyzing the point of the potential contribution of Brilhante River, the upstream of the confluence with Dourados River, despite the larger drainage area, had a long-term mean specific flow rate lower (12%) than that one found in Dourados Sub-basin, emphasizing the importance of the formation of the flow of the main river of Ivinhema Basin.
Behavior similar to the long-term mean specific flow rate was also evidenced in the runoff coefficient (Figure 7) , whose growth is directly related to the fact that, as an increase in total rainfall, the lower portion of it will be converted to evapotranspiration, resulting in a higher proportion of rainfall converted to runoff in the river. In the studied sub-basins it was found runoff coefficient values ranging from 0.23 (Vacaria Sub-basin) to 0.27 (Dourados Sub-basin), i.e., a variation of 17.4%. This fact, considering the Vacaria Basin, which has the lowest runoff coefficient, shows that from the total precipitated volume, 23% reaches its mouth, flowing into the Ivinhema River, and that 77% of the total rainfall is converted, a part to evapotranspiration, a part infiltrates into the soil and a parte is removed from the basin due to consumptive uses, i.e., those uses that remove water from its natural source reducing its quantitative or qualitative availability.
In Ivinhema Basin, represented by Ivinhema station, the mean runoff coefficient around was 25% of the total rainfall converted into runoff. This fact justifies the potential that the use of storage reservoirs represent for irrigated agriculture in the basin. Figure 8 shows the proportions of the real contribution of the main affluent of Ivinhema Basin for the formation of its flow, considering the period from 1976 to 2006. It appears that the sub-basin with a higher proportion of real contribution was the Dourados (34%), which is higher than the proportion of the potential contribution corresponding to this sub-basin (31%). The Vacaria Subbasin presented a real contribution of 19%, a value slightly lower than the potential contribution obtained for the same sub-basin (20%). The corresponding behavior to these sub-basins may be understood by examining the total precipitated volume in their drainage areas. In Vacaria Sub-basin, it was observed values of annual mean rainfall lower than those found in Dourados Sub-basin, mainly in its headwaters (Figure 4 ).
Analyzing the real contribution of the Brilhante River, the upstream of the confluence with the Dourados River, it was noticed that, despite the larger drainage area (approximately 18% larger), the proportion of actual contribution was only 2% higher than the Dourados River. The variations in the behavior of mean flows estimated by the adjusted equation in relation to the one observed presented the major differences at Retiro Guarujá (5.1%) and Fazenda Ipacaraí (2.1%) stations, with super -and underestimation, respectively. The estimated mean flow at Retiro Guarujá station was 240.9 m 3 s -1 and the observed one was 253.1 m 3 s -1 , while at Fazenda Ipacaraí station the estimated flow was 327.9 m 3 s -1 and the observed one was 321.1 m 3 s -1 . In the Ivinhema Basin, represented in this study by the Ivinhema station, with a drainage area of 31,910 km 2 (corresponding to approximately 70% of basin area), the long-term mean specific flow rate, estimated by the equation was 366.4 m 3 s -1 , and the observed one was 360.9 m 3 s -1 . Figure 10 presents the long-term mean specific flow rate in function of drainage area, for the main river of Ivinhema Basin. It is noteworthy that despite the increase in mean flow with increasing drainage area, the specific flow rate was reduced, with the lowest one evidenced in the Ivinhema station, with a value of 11.3 L s -1 km -2 , while the most specific flow identified in the most upstream station (Brilhante) was 12.2 L s -1 km -2 . This is due to the characteristic of rainfall distribution in the basin. 
CONCLUSIONS
The highest rainfall in the Ivinhema Basin occurred in headwater regions.
The long-term mean specific flow rate decreases from the source to the mouth of the Ivinhema Basin, up to the limit with the Ivinhema station. The Dourados River Sub-basin, which represents 28.9% of the drainage area of Ivinhema Basin, has a higher potential and actual contribution to flow formation of the Ivinhema Basin.
The drainage areas of Dourados and Vacaria affluents, representing 49.5% of the Ivinhema Basin area, in relation to Ivinhema station, contribute 53% of its flow, considering the period from 1976 to 2006.
The Vacaria River Sub-basin showed rainfall and mean specific flow rate lower than the mean of Ivinhema Basin, represented by the Ivinhema station.
